ABSTRACT: Seaweeds and seaweed extract (SWE) possess antimicrobial, anti-infl ammatory, prebiotic, and growth-promoting properties. Extracts can be prepared in different ways including wet, spray-dried, and freezedried forms. The aim of this study was to determine if spray drying of laminarin and fucoidan derived from Laminaria digitata had an effect on the microbiological and cytokine profi le of the gastrointestinal tract (GIT) compared to the wet SWE in newly weaned pigs. No differences in cytokine expression were observed between wet and spray dried SWE formulation in either the ileum or colon. Bifi dobacteria counts were greater (P < 0.05) in the wet SWE formulation relative to both spray dried SWE and the basal diet in the ileum. In conclusion, neither of the SWE formulations had signifi cant effects on the cytokine profi le in the ileum or colon. However, a prebiotic effect observed in the ileum of piglets in response to the wet SWE formulation was lost following spray drying of the SWE.
INTRODUCTION
The E.U. ban on prophylactic antibiotics has driven the search for natural alternatives in the pig industry (O'Doherty et al., 2005) . Seaweeds and seaweed extract (SWE) containing polysaccharides, laminarin, and fucoidan possess both nutritional and bioactive properties (Rioux et al., 2009) . Recently SWE have been considered as a dietary supplement during the weaning period in an effort to reduce the associated adverse changes in gut morphology and commensal microbial populations that may occur during this period (Leonard et al., 2010; O'Doherty et al., 2010) . Bioactive compounds with prebiotic properties are reported to decrease the number of Enterobacteriaceae spp. whereas increasing Lactobacillus and Bifi dobacterium spp. subsequently increased protection against acute and chronic gut disorders (Van Loo, 2004) . Lynch et al. (2010) demonstrated the prebiotic effects of Laminaria spp. in the gastrointestinal tract (GIT) of pigs. Seaweed extract from different sources have also shown immunomodulatory properties in the GIT of pigs (Smith et al., 2011; Sweeney et al., 2012) .
Spray-drying technology is preferred by food and pharmaceutical industry because of ease in storage and encapsulation (Gharsallaoui et al., 2007) . However this technology can induce irreversible changes to the structural and functional integrity of the bioactives (Chen and Patel, 2007) . Hence, the objective of this study was to determine if spray drying a SWE (laminarin and fucoidan derived from L. digitata) would alter the microbiological and cytokine profi le of the ileum and colon in weaned piglets in comparison to the original wet form.
MATERIALS AND METHODS

Experimental Design and Diets
The experiment was conducted under experimental license from the Irish Department of Health in accordance with the Cruelty to Animals Act, 1876, and the European Communities (Amendments of the Cruelty to Animals Act, 1876) regulations. In a completely randomized design, 24 pigs with an initial weight of 14.5 kg were randomly assigned to 3 diets (Table 1) as follows: basal diet (T1; n = 8), basal diet supplemented with a wet SWE formulation (T2; n = 8), and basal diet supplemented with a spray dried SWE formulation (T3; n = 8).
After dissection of digestive tract, digesta was removed from the ileum and spread plated onto selective agars. Bifi dobacteria, Lactobacillus spp., and Enterobacteriaceae spp. were isolated and colonies counted as described by Smith et al. (2011) .
Collection of Tissues, Sample Preparation, and Quantitative PCR
Tissue collection, sample preparation, and quantitative PCR (qPCR) methods are described in detail by Sweeney et al. (2012) . Briefl y, total RNA extraction was performed using GeneElute Mammalian Total RNA Miniprep Kit (Sigma-Aldrich, St Louis, MO) according to the manufacturer's instructions. A First Strand cDNA Synthesis Kit (Fermentas, Vilnius, Lithuania) using oligo dT primers following the manufacturer's instructions was used for cDNA synthesis. The target primers used for the qPCR included interleukins , interferon gamma (IFN-γ), tumor necrosis factor alpha (TNFα), mucins (MUC2 and MUC4), and trefoil factor 3 (TFF3) as described by Smith et al. (2011) . Reference genes glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and peptidylprolyl isomerase A (PPIA) were used to normalize the targets as described by Ryan et al. (2010) . Quantitative PCR procedure details are described by Smith et al. (2011) .
Statistical Analysis
The experimental data were analyzed as a complete randomized design using the GLM procedure in SAS version 9.1 (SAS Institute, Cary, NC). All the data was checked initially for outliers and normality using the PROC Univariate procedure of SAS. The data in the tables are presented as least square means with their standard errors. The probability value, which denotes signifi cance, is P < 0.05.
RESULTS AND DISCUSSION
Gene Expression Profi le
The selected cytokine expression profi les of IL-4 and IL-17A and mucin gene MUC2 were undectable in ileum and colon. No differences (P > 0.05) were observed in the expression levels of selected genes in the ileum and colon of pigs supplemented with spray-dried SWE relative to wet SWE and the control diet (Table 2 ). This observation is in accordance with previous studies in which pig diet was supplemented with extracts from L. digitata, Laminaria hyperborea, and Saccharomyces cerevisiae (Smith et al., 2011; Sweeney et al., 2012) . Supplementation of different SWE did not alter the expression level of cytokine or mucin genes in the GIT without an external stimulus.
Microbiology
Dietary inclusions of SWE were not associated with changes in population counts of Lactobacillus spp. and Enterobacteriaceae spp. in our study. Wet SWE was associated with increased Bifi dobacteria colony counts (P < 0.05) in the ileum relative to both spray-dried SWE and the control diet respectively (8.10 vs. 7.08 vs. 6.83 log 10 cfu/g digesta, SEM ± 0.36). Spray drying of SWE was not associated with any changes in the Bifi dobacteria population indicating that the prebiotic effect of wet laminarin and fucoidan may be diminished due to spray drying. It has been reported that the benefi ts of using the spray-drying techniques to preserve bioactive compounds may be offset by a reduction in their functional integrity, proving a signifi cant problem to food and pharmaceutical industry (Chen and Patel, 2007) . The functional food industry reports several technical challenges surrounding the processing (spray drying) of bioactive compounds including loss of functionality and inhibition of bioactivity (Lopez-Rubio et al., 2006) .
In conclusion, SWE (laminarin and fucoidan derived from L. digitata) in wet form has a prebiotic effect in the ileum of weaning piglets. This prebiotic bioactivity was reduced when the SWE is spray dried. Supplementation with SWE (wet or spray dried) had no effect on the selected cytokines expression levels.
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